ABSTRACT: This study investigated the effects of different planes of nutrition in early pregnancy (EP) and mid-pregnancy (MP) of crossbred ewes on carcass characteristics of male offspring and reproductive performance of female offspring. During EP (d 1 to 39 after synchronized mating) ewes were allocated 60% (low, L-EP), 100% (medium, M-EP), or 200% (high, H-EP) of their energy requirements for maintenance. Between d 40 and 90 (MP), ewes were then allocated 80% (M-MP) or 140% (H-MP) of their maintenance energy requirement. After d 90, all ewes were fed to fully meet energy requirements for late pregnancy. Male offspring (n = 83) were reared on a grass-based system and slaughtered at 42, 46, or 50 kg of BW. Female offspring (n = 60) were reared on a grass-based system, mated at 8 mo, and performance recorded until weaning of their first lamb crop. Concentrations of leptin, an adiposity indicator, in female offspring varied with the plane of maternal nutrition in early pregnancy. The L-EP offspring had greater leptin concentrations than H-EP offspring (P = 0.04), with M-EP offspring showing intermediate concentrations. Reproductive performance of female offspring was not affected by maternal plane of nutrition (P ≥ 0.16). Female H-EP offspring gave birth to heavier lambs (generation 2 offspring) than M-EP (P = 0.006) with L-EP offspring intermediate. Male offspring of L-EP dams showed a trend toward poorer carcass conformation (P = 0.06) and increased fat classification (P = 0.07), consistent with increased fat depths over the loin (P = 0.02). There was a significant interaction between plane of nutrition in early pregnancy and mid-pregnancy for female offspring BW at 2 mo postmating and 16 wk postlambing (P ≤ 0.04), and for male offspring perinephric and retroperitoneal fat and tissue depth (P ≤ 0.02). For dams offered diet L-EP during early pregnancy, diet H-MP gave heavier offspring with more perinephric and retroperitoneal fat. In contrast, for dams offered diet H-EP during EP, diet M-MP gave offspring that were heavier or fatter or both. Maintenance level of nutrition in EP followed by M-MP or H-MP treatments resulted in offspring intermediate in fatness and BW. The data indicate that adaptations in EP and MP to compensate for nutritional deprivation or nutritional excess can alter the BW, adiposity, conformation, and leptin concentrations of offspring. Such changes have potential to alter health and lifetime productive performance.
INTRODUCTION
Manipulation of the progress of fetal development can affect the structure and physiology of the adult offspring through the process of fetal programming (Barker et al., 1993) . The importance of this phenomenon has increased as significant effects of early life nutrition on neonatal and adult performance have been described.
In sheep, maternal nutrition in utero may influence the reproductive performance of female offspring. Research suggests that undernutrition of ewes from mating onwards can be associated with retarded fetal ovarian development (Borwick et al., 1997) , whereas in adult offspring, a low compared with high plane of maternal nutrition resulted in reduced ovulation rates (Rae et al., 2002) .
Maternal nutrition in early pregnancy (EP) to midpregnancy (MP) can also have variable effects on postnatal growth and composition of male offspring. Undernutrition has been associated with heavier offspring with greater amounts of fat in the kidney and pelvic areas than controls (Ford et al., 2007) , whereas severe chronic growth retardation in utero, resulting in very light birth weights, can potentially reduce mature size and increase fatness (Greenwood and Thompson, 2007) . Additionally, intrauterine restriction has been associated with alterations in muscle fiber type (Fahey et al., 2005) , numbers (McCoard et al., 1997) , and diameters (Nordby et al., 1987) .
Most of the effects described have been related to intrauterine nutrient restriction, rather than oversupply, and have focused on nutrient manipulation in MP rather than EP. The effects of different planes of nutrition of mature ewes in EP and MP on dam and offspring performance up to weaning have been reported (Muñoz et al., 2008a) and represent the first phase of this long-term study. The effects of plane of nutrition in EP and MP on male and female offspring after weaning are unclear. The objective of this second phase of the study was to examine the effects of plane of nutrition in EP and MP on the subsequent offspring performance in terms of their potential for growth and reproductive performance in the case of the females, and for growth and meat production in the males.
MATERIALS AND METHODS
The work described in this paper was conducted at the Agri-Food and Biosciences Institute (AFBI) Hillsborough, in accordance with the requirements of the UK Animals (Scientific Procedures) Act 1986 and with the approval of the AFBI (Hillsborough) Ethical Review Group.
Animals and Nutritional Treatments
The study used a total of 101 crossbred ewes with a minimum of 1 parity and >1.6 yr of age (mean BW = 75.5 ± 9.1 kg; mean BCS = 3.8 ± 0.2, on a 5-point scale; Russel et al., 1969) . The ewes were composed of 40 Greyface (Border Leicester × Scottish Blackface) and 61 Texel × Greyface. Fifteen rams from 2 different breeds (Charolais and Texel) were used in the study. In mid-October, the ewes were individually housed and mated at a synchronized estrus, after a 14-d treatment with intravaginal progesterone pessaries (Chronogest, 30 mg of flugestone acetate, Intervet UK Ltd., Milton Keynes, UK) and intramuscular injection of pregnant mare serum gonadotrophin (Fostim 6000, 300 IU, Pharmacia & Upjohn Animal Health Ltd., Kalamazoo, MI). At mating, ewes were randomly allocated to 1 of 3 nutritional treatments and subsequently balanced for age, BW, BCS, ewe breed, and sire breed (Table 1) . Singletons  8  7  8  12  11  23  Twins  28  23  25  44  31  76  Triplets  24  9  11  19  25  44  Total  60  39  44  75  67  143  Female Nutrition provided 0.6 (low; L), 1 (medium; M), or 2 (high; H) of predicted ME requirements for maintenance.
2 Nutrition provided 0.8 (medium; M) or 1.4 (high; H) of predicted ME requirements for maintenance.
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Mean ± SD.
Treatments applied between d 1 and 39 postmating (EP) consisted of 1 of 3 planes of nutrition estimated to provide 60% (low; L-EP), 100% (medium; M-EP), or 200% (high; H-EP) of predicted ME requirements for maintenance (AFRC, 1993) . From d 40 to 90 of gestation (MP), ewes from each of the 3 EP treatment groups were re-allocated to new treatment groups and provided with 80% (medium; M-MP) or 140% (high; H-MP) of their ME requirements. Within each of these treatment groups, one-half of the ewes received a Se supplement providing a Se intake of 0.5 mg/d (Muñoz et al., 2008b) .
Nutritional treatments were arranged by offering different levels of the same dried, milled, and pelleted grass-based diet containing 899 g of DM/kg, 10.2 MJ of ME/kg of DM (Annett and Carson, 2006) , and 138 g of CP/kg of DM. The diets were supplemented with 25 g/d of barley as a vehicle for the intake of Se, and 25 g/d of straw as a source of fiber. Ewes were fed individually with the total daily feed allocation offered in a single feed at 0930 h. Ewes were offered on average (±SD) 0.53 ± 0.049, 0.86 ± 0.081, and 1.73 ± 0.17 kg of fresh weight per day for EP treatments L-EP, M-EP, and H-EP, respectively, and 0.70 ± 0.066 and 1.22 ± 0.12 kg of fresh weight per day for MP treatments, M-MP and H-MP. There were no feed refusals throughout the treatment periods. From d 91 of pregnancy until parturition, all ewes were offered increasing levels of the diet to meet individual ME and protein requirements for late pregnancy according to BW and fetal burden (AFRC, 1993) as estimated by ultrasound scanning. During this period, diets were supplemented with 100 g/d of a protected soybean meal (Sopralin, Trouw Nutrition, Belfast, Northern Ireland) and a standard vitamin and mineral mixture (VMC Sheep, Trouw Nutrition).
After parturition, all ewes and lambs were conventionally managed in an outdoor grazing system from March to June on perennial ryegrass-based swards with target sward height of 5 to 7 cm (typical ME and CP concentration of 11.1 MJ and 208 g per kg of DM, respectively). Triplet sucking ewes were grazed on fields where lambs had access to creep concentrates (formulated as a commercial diet supplemented with a standard mineral mixture; VMC Lamb, Trouw Nutrition) until weaning.
Postweaning, male and female lambs were grazed separately, each on 1 common paddock of the same perennial ryegrass based pasture with target sward heights of 7 to 8 cm (typical ME of 10.9 MJ/kg of DM and CP of 186 g/kg of DM). All animals had unlimited access to drinking water and received no supplementation at pasture.
Female Offspring
A total of 60 female offspring (Table 1) were naturally mated with Dorset rams at 8 mo of age, with pregnancy confirmation undertaken approximately 60 d later by transabdominal ultrasound scanning using a portable Aloka 500 SSD with a 3.5-MHz curvilinear transducer (Aloka, Tokyo, Japan).
Body weight and BCS (Russel et al., 1969) of the female offspring were recorded monthly from mating to parturition, at 6 wk postlambing, and at weaning of their first lamb crop. Lambing date, litter size, birth weight, and sex of second generation offspring were recorded. Generation 2 offspring were subsequently weighed at 6 wk of age and at weaning (16 wk). All female offspring and their lambs were weighed without fasting.
Jugular blood samples were collected monthly throughout gestation using 8-mL lithium heparin tubes with gel (Vacuette, Greiner Bio-One Ltd, Gloucestershire, UK) and were centrifuged at 2,683 × g for 10 min at 8°C. Plasma was retained frozen (−20°C) for determination of plasma leptin concentrations. Leptin concentrations were determined by RIA as described by Wylie et al. (2008) with the following modifications. The assay used a guinea-pig antiserum (OL-3) raised, in-house, against recombinant ovine leptin, which was a gift from A. Gertler (Hebrew University of Jerusalem, Israel), and recombinant ovine leptin (Diagnostic Systems Laboratories, Oxford, UK) was used as standard and as the source material for in-house radioiodination. The mean intraassay CV for high and low leptin controls (mean values 6.58 and 1.15 ng/mL, respectively) across the 2 assays were 4.86 and 15.67%, respectively. The interassay CV was 5.87 and 19.21% for high and low controls, respectively.
Male Offspring
A total of 83 male offspring (Table 1) were randomly allocated to 1 of 3 slaughter weights (42, 46, and 50 kg) and reared on a grass-based system as described previously from July until slaughter, which occurred between August and October. Male offspring were weighed weekly without fasting.
At slaughter, lambs were stunned, eviscerated, and skinned before chilling of the carcass under commercial conditions for 48 h. Carcasses were commercially graded for conformation using the EU lamb carcass classification system EUROP (Commission Regulation; EC No. 1249/2008): 5 classes from E = good to P = bad conformation (E = 5, U = 4, R = 3, O = 2, P = 1), and received a fat classification: 1 = low fat cover, 5 = high fat cover. The dressing percentage was calculated on the basis of the cold carcass weight as a proportion of field BW before slaughter.
After removal and weighing of kidneys and kidney and pelvic fats, the carcasses were halved longitudinally. Halved carcasses were cut transversely into 3 sections for compositional analysis: between the 12th and 13th ribs (bracelet-loin separation) and immediately anterior to the hip bone (loin-leg separation). Within the Pregnancy nutrition plane and offspring performance bracelet section, subcutaneous fat depth was measured (to the nearest 0.5 mm) over the LM at points 35 and 50 mm from the medial plane, and above and below the iliocostalis thoracis using a sliding caliper. Total tissue depth was measured using a probe over the 12th rib 110 mm from the medial plane. Within the leg section, fat depth was measured over the gluteus medius at 35 mm from the medial plane and at the dorsal edge of the obliquus internus abdominis muscle. Longissimus dorsi and intertransversarii muscles were traced onto acetate paper and the weight-area relationship of the acetate paper used to estimate the area of both muscles.
Statistical Analysis
Due to the inherently unbalanced nature of the experimental design, quantitative data were analyzed using the REML ANOVA procedure, whereas binary response variables were analyzed using a generalized linear model with a binomial distribution (Genstat for Windows, VSN International Ltd., Oxford, UK). The models used for male and female offspring evaluated the main effects of plane of nutrition in EP, plane of nutrition in MP, and Se supplementation, in a factorial design. Only 2 levels of interactions were examined because the number of animals in the study was insufficient to account for all levels. Female offspring data (first generation) were adjusted for the effect of sire breed, dam breed, dam age, and litter size by including these as additional fixed effects in the model. Plasma leptin concentration data were normalized by log-transformation and analyzed by repeated measures ANOVA. For second generation offspring, the individual dam was fitted as a random effect, whereas dam breed, siblings, and lamb sex were included as fixed effects. Male offspring data were adjusted for sire breed, dam breed, dam age, litter size, operator at abattoir, and actual slaughter weight by including these as additional fixed effects in the model. Main effects of treatments and interactions were tested using a significance level of P ≤ 0.05, and specific observed P-values are shown in the tables.
RESULTS
The effects of plane of nutrition and Se supplementation of ewes in EP and MP on ewe reproduction and offspring performance up to weaning have been previously reported (Muñoz et al., 2008a) . The effects of treatments on performance of the offspring from weaning onwards are presented in the current manuscript. Because all P-values for interactions examined between plane of nutrition and Se supplementation were greater than P > 0.05, this paper deals solely with the effects of plane of nutrition in EP and MP. The effects of Se supplementation will be dealt with in a subsequent publication.
Female Offspring Data BW and BCS. The mean BW and BCS of female offspring from mating onwards are shown in Table 2 . There tended to be an interaction between the plane of nutrition in EP and MP on female offspring BW when measured at the start (P = 0.09) and the end (P = 0.07) of the mating period. This trend was significant when BW was measured 2 mo after the end of the mating period (P = 0.04) and at weaning of their first lamb crop (P = 0.02) at 16 wk postlambing. On these dates, the heaviest female offspring were those born to ewes on diet L-EP followed by H-MP and in ewes on diet H-EP followed by M-MP. The lightest offspring were born to dams offered diet M-EP followed by H-MP.
Plane of nutrition in EP showed a trend toward female offspring of ewes offered M-EP tending to be lighter than L-EP or H-EP offspring when measured 1 mo after the end of the mating period (P = 0.06). Plane of nutrition in MP showed a trend toward M-MP female offspring having a greater BCS than H-MP female offspring (P = 0.08) estimated at 3 mo after the end of the mating period.
Plasma Leptin Concentrations. Plasma leptin concentrations of female offspring, measured from mating onwards, varied with plane of nutrition in EP (Figure 1) . Female L-EP offspring had increased plasma leptin concentrations compared with H-EP offspring (P = 0.04) with M-EP offspring displaying intermediate values. Mid-pregnancy nutrition had no effect on plasma leptin concentrations (mean value of 0.44 ng/ mL for diet M-MP and 0.38 ng/mL for diet H-MP; SED = 0.059; P = 0.50). There were no interactions between the effects of plane of nutrition in EP and MP (P = 0.10), nor were there interactions between time and nutritional treatments (P = 0.24 and P = 0.16 for EP and MP, respectively).
Reproductive Performance. Female offspring conception rates, litter size, and litter weight at birth (on a per ewe lambed basis) were not affected (P ≥ 0.16) by the nutritional treatments received by their dams during early and mid-gestation (Table 3) . Maternal plane of nutrition in EP and MP had no effects on the number or BW of lambs weaned from the female offspring (P ≥ 0.23).
Female H-EP offspring gave birth to heavier lambs (second generation offspring) than did M-EP offspring (P = 0.006) with L-EP offspring being of intermediate weight. Mid-pregnancy diets had no effect on the birth weight of lambs born from the female offspring (P = 0.18). Second generation lamb growth rates from birth to weaning were not affected by treatments (P = 0.10).
Male Offspring Data
Carcass Classification and Weight. Carcass conformation classification tended to be affected by maternal diet in EP (Table 4) . Male L-EP offspring tended to have poorer conformation scores compared with M-EP offspring (P = 0.06), with H-EP offspring displaying intermediate values. For fat classification, male offspring born to L-EP dams showed a trend toward greater fat classification scores than M-EP or H-EP offspring (P = 0.07). Cold carcass weights of male offspring tended to show an interaction between plane of nutrition in EP and MP (P = 0.06); lambs born to L-EP dams tended to be lighter than M-EP and H-EP offspring except when their dams were offered diet H in MP (treatment H-MP), when L-EP lambs tended to be heavier (Table 5 ). There were no effects of diets on dressing percentage (P = 0.44).
Carcass Measurements. Early pregnancy and MP diets had no effects (P ≥ 0.24) on weight of kidneys or LM area of male offspring at slaughter (Table  5 ). However, there were interactions between plane of nutrition in EP and MP on perinephric and retroperitoneal fat (P = 0.005) and ratio of perinephric and retroperitoneal fat to cold carcass weight (P = 0.02). Treatment L-EP followed by diet H in MP produced offspring with greater levels of fat than in those from ewes offered diet M-MP. In contrast, H-EP followed by diet H in MP produced lambs with less quantity of fat than in lambs from ewes offered diet M-MP. Similar results were found for tissue depth (P = 0.003).
Male offspring born to L-EP ewes had greater fat deposits than M-EP or H-EP offspring (P = 0.02) when measured at 50 mm over the LM (Table 6) . A similar tendency was observed for fat depth below the iliocostalis thoracis (P = 0.05). Mid-pregnancy nutrition affected fat depth in male offspring measured 35 mm over the LM with H-MP lambs having greater fat depths than M-MP lambs (P = 0.01).
DISCUSSION
The first phase of this research study examined the effects of EP and MP nutrition on ewe reproduction and offspring performance from birth to weaning (Muñoz et al., 2008a) . This concluded that plane of nutrition in EP had an effect on lamb birth weight and on lamb survival to weaning, whereas MP nutrition had Within a row, means without a common superscript letter differ (P < 0.05). 1 Probability values for effects of plane of nutrition in EP, plane of nutrition in MP, and their interaction. 2 Early pregnancy: nutrition provided 0.6 (low; L), 1 (medium; M), or 2 (high; H) of predicted ME requirements for maintenance. 3 Mid-pregnancy: nutrition provided 0.8 (medium; M) or 1.4 (high; H) of predicted ME requirements for maintenance. 4 Russel et al. (1969) . Leptin concentrations of female offspring from mating and throughout gestation born to ewes offered a plane of nutrition providing 0.6 (low; L), 1 (medium; M), or 2 (high; H) of predicted ME requirements for maintenance in early pregnancy. Plasma leptin concentrations were affected by treatment (P = 0.04). Time × treatment effects were not significant (P = 0.24). Values are expressed as mean ± SE of differences between means.
an effect on neonatal behavior. Briefly, fetuses from undernurtured ewes during EP (L-EP) underwent compensatory growth during MP, presenting heavier birth weights than control lambs (M-EP) and equivalent birth weights to overnurtured ewes (H-EP), although all were within the normal range. Also, survival rates from birth to weaning were greater for lambs born to dams offered L-EP than lambs born to dams offered M-EP or H-EP. Additionally, the imposition of a modest nutritional restriction in MP (M-MP) tended to improve neonatal behavior and resulted in lambs with larger skeletal size. To our knowledge, this is the first study to examine and integrate the effects of maternal plane of nutrition in EP and MP on the performance of carcass characteristics of male offspring and reproductive performance of female offspring postweaning.
In this second phase of the study, a major finding is that maternal nutrient restriction imposed during the first 39 d of gestation resulted in increased adiposity of male lambs and increased plasma leptin concentrations in female ewe lambs. Leptin is a hormone with complex roles in mammalian physiology: increasing energy expenditure, being required for normal reproductive and immune function, and facilitating adaptations to fasting and underfeeding (Vernon et al., 2001) . Leptin is secreted by several tissues, though adipocytes are still thought to be the major source. In ruminants, plasma concentrations of leptin are positively related with adiposity (Ostlund et al., 1996; Ingvartsen and Boisclair, 2001) . The data obtained in the current study are consistent with a human epidemiological study in which malnutrition during EP was associated with an altered lipid profile in adult progeny (Roseboom et al., 2000) . In ruminants, undernutrition of ewes from d 28 to 80 of gestation has been associated with an increase in fetal adipose tissue deposition, measured near to term (Bispham et al., 2003) . Furthermore, using the same period of restriction, Ford et al. (2007) reported increased postnatal BW gain, adiposity, and plasma leptin concentrations in normal-birth-weight offspring at 280 d of age. Collectively, this evidence suggests that fetal adiposity can be programmed in utero. The underlying mechanism, as proposed by Bispham et al. (2003) , involves an upregulation of mRNA receptors for IGF-I and IGF-II between early and mid-gestation, which alters the endocrine sensitivity of fetal adipose tissue and the susceptibility to fat deposition during the final third of gestation. The stage of gestation within EP Table 3 . Effect of plane of nutrition in early pregnancy (EP) and mid-pregnancy (MP) of ewes on female offspring conception rate, litter size and lamb output at birth and at weaning, and growth performance of second generation lambs born from female offspring Within a row, means without a common superscript letter differ (P < 0.05).
1 Nutrition provided 0.6 (low; L), 1 (medium; M), or 2 (high; H) of predicted ME requirements for maintenance.
2 Nutrition provided 0.8 (medium; M) or 1.4 (high; H) of predicted ME requirements for maintenance. 1 Nutrition provided 0.6 (low; L), 1 (medium; M), or 2 (high; H) of predicted ME requirements for maintenance. 2 Nutrition provided 0.8 (medium; M) or 1.4 (high; H) of predicted ME requirements for maintenance.
3 Probability values for effects of plane of nutrition in EP, plane of nutrition in MP, and their interaction. 4 EUROP classification: E = 5, U = 4, R = 3, O = 2, P = 1 (E and U coded as 1; and R, O, and P coded as 0). 5 Fat classification (1 = lean, 5 = fat; 1 and 2 coded as 0, whereas 3 to 5 coded as 1).
and MP in which fetal adipose tissue is most sensitive to these adaptations requires further elucidation. Fetal programming effects on leptin and adiposity may have important implications for subsequent offspring. Leptin appears increasingly to be a general metabolic hormone involved in many physiological processes. Leptin is involved in the regulation of food intake, energy homeostasis, and immune function (Ingvartsen and Boisclair, 2001 ). Additionally, leptin has now been implicated as a mediator of growth and reproduction (Macajova et al., 2004) . In the present study, nutritional manipulation of the dam in EP and MP had no effects on subsequent reproductive performance of female offspring (conception rates, lamb output per ewe). The findings of the present study are in agreement with those of Parr et al. (1986) who reported no differences in ovulation rates in ewes undernourished during the first 35 d of gestation. However, there is evidence that undernutrition of ewes from the time of mating until d 47 of gestation retards certain aspects of fetal ovarian development (Borwick et al., 1997) . Furthermore, undernutrition during the first 95 d of gestation has been associated with a reduction in ovulation rate that occurred independent of shifts in gonadotropin (LH or FSH) concentrations (Rae et al., 2002) . These contrasting findings may reflect differences in the timing and severity of the undernutrition, in different rates of embryonic mortality, or in differential oocyte quality between ewes. The current results should be treated with caution because, due to experimental constraints, the study was performed with numbers of female individuals that might be considered small for assessing conception rate and total lamb output. Notwithstanding, the current results set a precedent for similar studies in the future.
The data from the current study indicates that second generation lambs born to offspring of H-EP ewes were heavier at birth than those born to offspring of control ewes. This could be linked to plasma leptin concentrations in the dam (first generation offspring), which were less in H-EP dams than in L-EP dams. This is supported by a previous report of a negative association between leptin in the maternal circulation of pregnant adolescent ewes and fetal birth weight (Thomas et al., 2001) . Leptin is synthesized at a greater rate in the placenta and may regulate metabolism of the fetal-placental unit, signaling nutritional status from dam to offspring (Spicer, 2001; Macajova et al., 2004) . This suggestion requires further investigation to establish the regulatory role of leptin for metabolism during pregnancy. Differences in lamb birth weight were no longer evident at 6 wk of age or at weaning. The implication of these findings for the health, productive efficiency, and body composition of the second generation offspring remains to be determined.
In the current study, offspring of dams offered a high or low plane of nutrition in EP had poorer carcass conformation scores than those of dams offered a medium plane diet. A poor carcass conformation score is im- Table 5 Within a row, means without a common superscript letter differ (P < 0.05).
1 Probability values for effects of plane of nutrition in EP, plane of nutrition in MP, and their interaction.
2
Early pregnancy: nutrition provided 0.6 (low; L), 1 (medium; M), or 2 (high; H) of predicted ME requirements for maintenance.
portant commercially because conformation forms the basis of many producer payment systems. Conformation describes carcass shape in terms of convex/concave profiles and indicates the amount of flesh (muscle and fat) in relation to the length of bones. It is scored in a subjective manner and strongly depends on fatness and muscling. In our study, there was no evidence of reduced muscularity (i.e., no differences in LM area or in carcass linear traits as a consequence of altered nutritional supply during gestation) to account for the reduced conformation scores in L-EP lambs. Thus, the poor conformation score of L-EP offspring seems to be more related to fatness than to muscling, or to the fat to muscularity ratio assessed visually by the abattoir operator.
The results of this second phase of the study (effects of plane of nutrition in EP on offspring performance postweaning) suggest that it is necessary to reassess whether or not the productive advantages obtained up to the time of weaning with offspring born to dams offered low plane diets in EP (mainly improved survival rates) outweigh any negative long-term outcomes. The penalty in male lamb grading at slaughter and the potential effects that increased adiposity may have over a lifetime (especially reproductive performance and health) of male and female offspring remain to be determined.
In the current study, plane of nutrition in MP had less influence on offspring performance than did plane of nutrition in early gestation. This may have been because MP treatments were, relatively, not as severe as EP treatments or as severe as feeding regimes applied in other studies. Nevertheless, male offspring from ewes offered a high plane of nutrition in MP (H-MP) had larger fat deposits over the LM than did those of M-MP ewes. However, this finding must be considered together with the interactions found between EP and MP diets in terms of female offspring BW measurements and male offspring carcass weight and perinephric and retroperitoneal fat because these outcomes may be linked. These interactions show that MP nutrition has a variable effect on fetal programming according to the plane of nutrition applied in EP. Dams on a low plane of nutrition during the first 39 d of gestation and then switched to a greater level of nutrition in MP had heavier offspring with more perinephric and retroperitoneal fat. However, dams offered a high plane of nutrition in EP and then switched to a lesser plane of nutrition in MP also yielded heavier, fatter offspring. Maintenance level diets in EP followed by a switch to medium or high plane diets in MP resulted in offspring intermediate in heaviness and fatness. Thus, the heaviest/fattest offspring were obtained from the diet combinations that reflected a bigger transition between nutritional planes in EP and MP (i.e., L-EP to H-MP and H-EP to M-MP). Importantly, the greatest number of offspring weaned during the first phase of the current program was obtained when feeding a low plane of nutrition in EP followed by a medium plane of nutrition in MP (Muñoz et al., 2008a) . This outcome was assumed to be a result of the cumulative benefits obtained during the study from the 2 main effects: low plane diets in EP and medium-plane diets in MP. Nutritional restrictions in EP have been previously associated with offspring BW changes (Ford et al., 2007) , but the current study is the first to report these effects as a result of changes in planes of nutrition from early to MP. It may be that when subjected to contrasting planes of nutrition across gestation, adaptations made by dams to adjust to the new nutritional environment may affect the sensitivity of fetal tissues and predispose their responses later in life. These possibilities require further study.
In summary, offspring subjected to a low plane of nutrition in utero during EP had poorer carcass conformation, greater leptin concentrations, and more subcutaneous fat. Female offspring born to ewes offered high planes of nutrition in EP in turn gave birth to heavier lambs. Contrasting maternal planes of nutrition in EP and MP resulted in offspring with increased BW and adiposity. The results presented further emphasize the critical importance of plane of nutrition in EP and MP because changes undergone by ewes to compensate for Within a row, means without a common superscript letter differ (P < 0.05). 1 Nutrition provided: 0.6 (low; L), 1 (medium; M), or 2 (high; H) of predicted ME requirements for maintenance. 2 Nutrition provided: 0.8 (medium; M) or 1.4 (high; H) of predicted ME requirements for maintenance. 3 Probability values for effects of plane of nutrition in EP, plane of nutrition in MP, and their interaction.
